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Objective: To identify the methods used in population-based epidemiological studies to diagnose
radiographic foot osteoarthritis (OA) and to estimate the population prevalence of radiographic foot OA.
Method: Electronic databases searched included Medline, Embase, CINAHL and Ageline (inception to May
2009). The search strategy combined search terms for radiography, OA, foot, and speciﬁc foot joints.
Predetermined selection criteria were applied. Data extracted from each paper included: sample pop-
ulation, radiographic views taken, foot joints examined, scoring system used, deﬁnition of OA applied,
reliability of radiographic scoring and prevalence of radiographic OA in the foot.
Results: Titles and abstracts of 1035 papers were reviewed and full-texts of 21 papers were obtained.
Fifteen papers met inclusion criteria and a further 12 papers were included after screening references.
Radiographic views were frequently not speciﬁed (NS) but a combination of antero-posterior (AP) and
lateral (Lat) views was most commonly reported. The ﬁrst metatarsophalangeal (MTP) joint was the most
commonly examined joint (n¼ 20, 74%). Nineteen studies (70%) used the Kellgren and Lawrence (K&L)
grading system, 95% of which deﬁned OA as K&L grade 2. Estimates of the prevalence of radiographic
ﬁrst MTP joint OA (deﬁned as K&L 2) in middle-aged to older adults ranged from 6.3 to 39%. Signiﬁcant
statistical heterogeneity prevented pooling of prevalence estimates.
Conclusion: There are comparatively few studies examining radiographic foot OA. Existing studies mainly
focus on the ﬁrst MTP joint and use the K&L grading system. Future studies are needed to quantify the
prevalence of radiographic OA at the different joint complexes within the foot.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Osteoarthritis (OA) is the commonest cause of arthritis and
a leading cause of pain and disability worldwide1. It is estimated
that OA accounts for 15% of all musculoskeletal consultations in
those aged 45 years and over in primary care2. OA predominantly
affects the knees, hips, hands and feet1. Whereas the knee, the hip
and, to a lesser extent, the hand have received considerable
attention, the foot has been relatively neglected yet the ﬁrst met-
atarsophalangeal joint (MTPJ) is one of the joints most frequently
affected by OA3. Furthermore, foot pain, the most frequent
symptom associated with foot OA, makes a signiﬁcant contributionMichelle Marshall, Arthritis
rimary Care Sciences, Keele
dom. Tel: 44-01782-724872;
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s Research Society International. Pto locomotor disability4e12 and commonly leads people to consult
in primary care13. People with foot pain may be more likely to
consult their general practitioner than those with musculoskeletal
pain at other sites. In one study, 32.0% of people with foot or ankle
pain had consulted their GP in the past 3 months compared to
18.1e25.1% of people with musculoskeletal pain at other sites13.
The foot has been neglected compared to other target joints for
OA such as the knee, hip and hand. Recent systematic reviews have
been undertaken of radiographic studies of hand14 and knee OA15.
However, a systematic review examining the prevalence of radio-
graphic foot OA, methods of individual studies, and reasons for
variation in prevalence estimates has not been performed. Varia-
tions in prevalence may be determined to an extent by the different
populations studied but also by the foot joints that were examined,
the radiographic views that were taken, how radiographs were
graded for the presence of OA, and how radiographic OA was
deﬁned in different studies16.
Various schemes have been developed to grade radiographic
features of OA. Kellgren and Lawrence (K&L) developed a global
grading system17 and pictorial atlas of radiographic images18 whichublished by Elsevier Ltd. All rights reserved.
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(JSN) and subchondral sclerosis to provide an OA severity grade.
Whilst the K&L systemhas beenwidely adopted to grade OA change
at many different joints allowing OA at different sites to be
compared, other authors have developed speciﬁc grading systems
for different regions, for example, the knee19e21 and the hand22e24.
Recently, a foot-speciﬁc grading system has been described by
Menz et al. which scores the presence of OPs and JSN at ﬁve joints
within the foot25.
The objectives of this systematic review were (1) to describe the
methods used to deﬁne radiographic foot OA in population-based
studies including the radiographic views taken, the foot joints
examined, how radiographs were graded and how radiographic OA
was deﬁned; and (2) to estimate the population prevalence of
radiographic foot OA.Method
A search strategy was developed to identify all published pop-
ulation-based epidemiological studies of radiographic foot OA.Search strategy
The following electronic databases were searched for publica-
tions: Medline (1950eMay 2009), Embase (1980eMay 2009),
CINAHL (1981eMay 2009), Ageline (1978eMay 2009). All publica-
tions registered on the electronic databases up to 27th May 2009
were eligible for inclusion in this review. The free text terms used to
undertake the search were: radiograph$, radiolog$ (x AND ray),
rontgen$, roentgen$, imaging, osteoarthr$, OA, foot, feet, toes, ankle,
interphalangeal, metatarsophalangeal, cuneometatarsal, meta-
tarsocuneiform, cuneonavicular, navicular cuneiform, talonavicular,
cubometatarsal, cuneocuboid, cubocuneiform, calcanealcuboid,
calcaneocuboid, talocalcaneal, talocalcaneonavicular, cubona-
vicular, navicularcuboid, talotibial, subtalar, midtarsal, midfoot and
hindfoot. In addition, subject indexing terms in each database were
also used. These were: radiography, osteoarthritis and foot.Selection criteria
The titles and abstracts of publications obtained were screened
independently by two reviewers (BT and MM) for relevance by
applying the following set of selection criteria. Inclusion criteria:
(1) the study population included human subjects, (2) the study
population included adults aged 18 and over, (3) any joints of the
foot had been examined for OA, (4) plain ﬁlm radiography had been
used to assess the presence of OA, (5) participants had been
selected from general or community-dwelling populations. Exclu-
sion criteria: (1) studies that examined animals, (2) studies that
examined solely the ankle (talotibial and taloﬁbular joints), (3)
studies that used macroradiography, computed tomography,
magnetic resonance imaging, ultrasound or scintigraphy, but not
plain ﬁlm radiography, (4) narrative reviews of previous research,
(5) clinical trials, (6) patients recruited from a hospital setting i.e.,
secondary or tertiary care.
Papers that clearly met the exclusion criteria on review of title
and abstract were excluded. Full-text articles were then obtained
for all papers that did not meet exclusion criteria and were
screened independently by the same two reviewers using the same
selection criteria. A consensus meeting was held where the two
reviewers agreed on which publications could be excluded. Refer-
ence lists of papers that were included in the review were also
screened for any relevant articles.Data extraction
Data were extracted independently by both reviewers from all
papers that satisﬁed the selection criteria. Discrepancies were
adjudicated independently by a third reviewer (ER). The following
information was obtained from each paper: the number of study
participants; the sample population including descriptive demo-
graphic data; the radiographic views taken of the foot; the foot
joints examined radiographically; the method used to grade the
presence of radiographic OA; the deﬁnition of radiographic OA
applied; inter- and intra-rater reliability of radiographic grading;
and the prevalence of radiographic foot OA.Where age- and gender-
stratiﬁed data were provided, prevalence data for different joints in
the foot were extracted to allow comparison between different
study populations. If data were not provided but a previous publi-
cation was cited, data were obtained from the cited publication.
Data synthesis
For each study, a point prevalence estimate was generated
together with an associated 95% conﬁdence interval (CI) for both
gender and overall population. In order to determine whether
a pooled estimatewasmeaningful, the I2 statistic was used to assess
the heterogeneity between studies. Furthermore, since the preva-
lence of OA varies with age, the mean was estimated using the
midrank method where possible.
Results
Search
The search identiﬁed 1035 publications once duplicates had
been excluded (Fig. 1). One thousand and fourteen publications
were excluded following title and abstract review. After screening
full-text for the remaining 21 publications, six further publications
were excluded. In addition, a further 13 papers were identiﬁed from
screening reference lists: 12 of these met the selection criteria and
one review article was excluded. Twenty-seven papers were,
therefore, included in the review.
Study population
Twenty-two studies examined groups from the general pop-
ulation (Gen Popn). Four studies examined different groups of
professional dancers and runners26e29 andone studyonlyexamined
women from a speciﬁc occupational background30 (Table I). There
were a number of papers that were derived from the same study
populations: the Clearwater OA Study in USA (n¼ 5)31e35, a retire-
ment village and a university health sciences clinic in Australia
(n¼ 3)25,36,37, the US Health Examination Survey (n¼ 3)38e40, and
the populations of Leigh and Wensleydale in the UK (n¼ 2)41,42
(Table II). Eighteen different study populations were, therefore,
examined in the 27 papers that were included in this review.
The majority of studies examined both genders; however, one
study examinedwomen only30 and one examinedmen only27. There
was considerable variation in the age groups included in the included
studies. Eighteen studies (67%) were restricted to middle-aged and
older adults typically affected by OA3,17,25e27,29e38,42e44. Eight studies
(30%) included a wider age range including young adults39e41,45e49.
One study was restricted to adults aged 27e46 years28.
Radiographic views taken
Fifteen studies (59%) did not specify which radiographic views
were used (Table II). Six studies (22%) took both antero-posterior
Duplicates excluded: 
N=658
Total number of titles and abstracts 
identified:
N=1,693
Medline (n=777) 
Embase (n=782) 
CINAHL (n=133) 
Ageline (n=1)
Titles and abstracts remaining after 
duplicates removed:
N=1,035 
Medline (n=770) 
Embase (n=246) 
CINAHL (n=19) 
Ageline (n=0)
Full papers reviewed:
N=21 
Medline (n=19) 
Embase (n=2) 
CINAHL (n=0) 
Ageline (n=0) 
Papers included in the review:
N=15 
Medline (n=14) 
Embase (n=1) 
CINAHL (n=0) 
Ageline (n=0)
Titles and abstracts excluded 
as not relevant to review:
N=1,014 
Not human (n=47) 
Not adults (n=17) 
Not OA (n=358) 
Not foot OA (n=416) 
Not radiographic (n=22) 
Review (n=26) 
Clinical trial (n=5) 
Not general population (n=123)
Papers excluded:
N=6
Not radiographic (n=2) 
Review (n=3) 
Not general population 
(n=1)
Papers obtained on screening 
of reference lists:
N=12
Papers finally included:
N=27
Fig. 1. The number of publications included and excluded at each stage of the review.
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views only17,30,32e34. One study described taking ‘standard’ radio-
graphic views but these were not speciﬁed (NS)38. Out of the 11
studies that speciﬁed the views, six (22%) speciﬁed that weight-
bearing (WB) views were taken25,33e37. The remaining ﬁve (18%)
did not specify whether views were WB or not17,26,27,30,32.
Foot joints examined
The ﬁrst MTPJ was the most commonly examined foot joint
(n¼ 20, 74%) (Table III). Twelve of these studies also examined
other joints in the foot in addition to the ﬁrst
MTPJ3,25,29,30,32,33,36,42,43,47e49. Seven studies (26%) did not specify
which foot joints were examined17,27,38e40,45,46.
Radiographic grading systems used
Radiographic OAwas graded according to the system developed
by K&L17 in 19 studies (70%) (Table I). Three studies (11%)25,36,37
used the system recently developed by Menz et al.50. One of the
studies which used the K&L grading system to deﬁne radiographic
foot OA also measured the progression of foot OA using three
features: JSN, OPs and subchondral sclerosis where a score of 0e3
was attributable to each of these three features present on each of
the joint examined on each side of the body33. Of the remaining ﬁve
studies one used a combination of radiographic features such as the
number of OPs, cartilage thickness as determined by the distancebetween two ossiﬁed surfaces and reactive bone changes for
grading of hips, knees and ankles, however only OPs were taken
into consideration for grading degenerative changes in feet27. One
study used a combination of JSN, OPs, bony sclerosis and sub-
chondral cyst formation to grade degenerative changes28. One
study used the modiﬁed scale of Hermodsson51 which is a four-
point grading system based on various radiographic features of
OA29. Another study accepted just JSN as a sign of OA26. Additionally
one study did not specify how radiographic OA was graded48.
Deﬁnition of OA
Of the nineteen studies that utilized the K&L grading system, 18
(95%) deﬁned OA as radiographic changes that constituted grades
2e4 (Table I). Seven of these deﬁned grade 2 as mild OA and grades
3e4 as moderate to severe OA (Mod/Sev OA)3,32,34,41e43,47. Of the
three studies that utilized the grading system developed by Menz
et al., two deﬁned OA as a score of 2 or more for either OPs or JSN on
any radiographic view25,36 and one study deﬁned ﬁrst MTPJ OA as
a score of 3 and above for either OPs or JSN on any radiographic
view37. The deﬁnition of OA was NS in other studies that looked at
various radiographic features of OA but did not use a grading scale
(n¼ 6, 22%)26e29,33.
Reliability of radiographic scoring was assessed in six out of the
27 papers included in this review. Three studies undertook
assessments of intra-rater reliability of radiographic grading25,30,33.
Two of these studies used the K&L grading system (kappa ranged
Table I
Description of the populations and the radiographic assessments undertaken in studies included in this review
Authors Sample size Age range (mean) % Females Population Radiographic views Foot joints Grading system Deﬁnition of OA Prevalence of
radiographic foot OA
Achesson (1975)45 946 21 and over 55 Gen Popn, USA NS NS K&L Grade 2 NS
Andersson (1989)26 44 44e80 (57) 66 Retired ballet
dancers, Denmark,
Norway and
Sweden
AP and Lat First MTPJ JSN NS NS
Bennett (1968)46 2070 30 and over 47 Blackfeet and Pima
Indians, USA
NS NS K&L NS Combined hand and
foot OA, 66.5%
Bremner (1968)43 993 35e64 Jamaica, 51 and
Wensleydale, 52
Gen Popn, Jamaica
and Wensleydale
(UK)
NS First to ﬁfth MTPJ K&L Grade 2, Mod/Sev
OA 3
First MTPJ OA: Jamaica:
males 17%, females
29%; Wensleydale:
males 30%, females
39%; Second to ﬁfth
MTPJ OA: Jamaica:
males 3%, females 3%;
Wensleydale: males 2%,
females 5%
Brighton (1985)47 543 18 and over 72 Gen Popn, South
Africa
NS First to ﬁfth MTPJ K&L Grade 2, Mod/Sev
OA 3
First MTPJ OA: males
11%, females 3%
Cerhan (1995)30 296 42e76 (57.1) 100 Radium dial
painting industry
employees, USA
AP only First to ﬁfth MTPJ K&L Grade 2 First MTPJ OA 68%
Davis (1990)38 1636 35e79 NS Health Examination
Survey I
1960e1962, USA
‘Standard’ views NS K&L Grade 2 NS
Engel (1968)39 6672 18e79 NS Health Examination
Survey I
1960e1962, USA
NS NS K&L Grade 2 NS
Kellgren (1957)17 85 55e64 NS Gen Popn, UK AP only NS K&L Grade 2 NS
Lawrence (1966)41 2296 15 and over 52 Gen Popn, Leigh
and Wensleydale
(UK)
NS First MTPJ K&L Grade 2, Mod/Sev
OA 3
NS
Lawrence (1975)42 2110 45 and over 50 Gen Popn, Leigh,
Wensleydale,
Watford, Rhondda,
Vale of Glamorgan
(UK)
NS First MTPJ, Tarsi K&L Grade 2, Mod/Sev
OA 3
NS
Mahiquez (2006)31 1592 40e91 (61.7) 69 Clearwater OA
Study, USA
NS First MTPJ K&L Grade 2 Incident cases only
Menz (2007)25 197 62e94 (75.9) 64 Retirement village
and university
clinic, Australia
WB AP and Lat First MTPJ, ﬁrst CMJ
*, second CMJy,
N1st CJz, TNJ
Menz Grade 2 for OPs
or JSN
NS
Menz (2009)36 197 62e94 (75.9) 64 Retirement village
and university
clinic, Australia
WB AP and Lat First MTPJ, ﬁrst
CMJ, second CMJ,
N1st CJ, TNJ
Menz Grade 2 for OPs
or JSN
First MTPJ OA 42%, ﬁrst
CMJ OA 23%, second
CMJ OA 60%, N1stCJ OA
39%, TNJ OA 33%
Panush (1986)27 35 (17 runners)
(18 non-runners)
50e74 (runners 56)
(non-runners 60)
0 Runners, USA AP and Lat NS Number of OPs NS NS
Roberts (1966)40 40,481 18e79 51 Health Examination
Survey I
1960e1962, USA
NS NS K&L Grade 2 Males 17.4%, females
17.0%
Solomon (1976)44 293 35 and over 71 Gen Popn, South
Africa
NS First MTPJ K&L Grade 2 First MTPJ OA: males
15.1%, females 24.1%
Teitz (1998)28 14 Dancers 36
non-dancers
27e46 (35.1) 64 Retired
professional
dancers, USA
NS First MTPJ OPs, JSN, Sclerosis,
Cysts,
NS First MTPJ OA: dancers
40%, non-dancers 0%
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Tzonchev (1968)48 4318 15 and over 62 Gen Popn, Bulgaria NS First to ﬁfth MTPJ,
DIPJ, PIPJ
NS NS First MTPJ & PIPJ OA:
males< 0.1%,
females< 0.1%; Second
to ﬁfth MTPJ OA:
males< 0.1%,
females< 0.1%; DIPJ
OA: males< 0.1%,
females< 0.1%
van Dijk (1995)29 38 (19 dancers)
(19 non-dancers)
50e70 (59) 100 Ballet dancers,
Netherlands
NS First MTPJ Subtalar
jt
Modiﬁed
Hermodsson: OPs,
JSWx, Sclerosis,
cysts, bone
destruction
NS First MTPJ OA: dancers
76.3%, non-dancers
39.5%
van Sasse (1988)3 2168 45e64 51 Gen Popn,
Netherlands
NS First to ﬁfth MTPJ,
TMTJk, PIPJ
K&L Grade2Mod/Sev
OA 3
First MTPJ OA: males
28.5%, females 37.6%;
Second to ﬁfthMTPJ OA:
males 4.3%, females
5.4%; TMTJ OA: males
4.3%, females 5.0%, PIPJ
OA: males 6.7%, females
7.2%
van Saase (1989)49 6585 19 and over 53 Gen Popn,
Netherlands
NS First to ﬁfth MTPJ,
TMTJ, PIPJ
K&L Grade 2 First MTPJ OA: males
26%, females 33%;
second to ﬁfth MTPJ
OA: males 5%, females
8%; PIPJ OA: males 6.9%,
females 6.3%; TMTJ OA:
males 4%, females 4.3%
Wilder (2003)32 2505 40 and over Smokers 71, non-
smokers 75
Clearwater OA
Study, USA
AP only First to ﬁfth MTPJ K&L Grade 2 Mod/Sev
OA 3
Incident cases only
Wilder (2005a)33 221 (60 exercisers)
(161 non-
exercisers)
40e91 (exercisers
71.1) (non-
exercises 67.5)
Exercisers 77, non-
exercises 65
Clearwater OA
Study and Exercise
Study, USA
WB AP First MTPJ, Medial
C1st MTJ{
K&L, OPs, JSN,
Sclerosis,
composite score
Grade 2 Progression only
Wilder (2005b)34 3436 40e94 (62) Over 69 Clearwater OA
Study, USA
WB AP First MTPJ K&L Grade 2 Mod/Sev
OA 3
First MTPJ OA: males
25.1%, females 17.7%
Wilder (2008)35 3531 40 and over 69 Clearwater OA
Study, USA
WB AP and Lat First MTPJ K&L Grade 2 First MTPJ OA 20%
Zammit (2008)37 40 (20 ﬁrst MTPJ
OA) (20 no ﬁrst
MTPJ OA)
62e92 (ﬁrst MTPJ
OA 77) (no ﬁrst
MTPJ OA 75)
70 Retirement village
and university
clinic, Australia
WB AP and Lat First MTPJ Menz Grade 3 for OPs
or JSN
NS
* First CMJ e ﬁrst cuneometatarsal joint.
y Second CMJ e second cuneometatarsal joint.
z N1st CJ e Navicular 1st-cuneiform joint.
x JSW e joint space width.
k TMTJ e tarsometatarsal joints.
{ Medial C1st MTJ e medial cuneiform-1st metatarsal joint.
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Table II
Radiographic views taken in different studies
Radiographic views taken Number of studies (%)
Both AP and Lat (WB) 4 (15)
Both AP and Lat (WB not speciﬁed) 2 (7)
AP only (WB) 2 (7)
AP only (WB not speciﬁed) 3 (11)
Lat only 0 (0)
‘Standard’ views 1 (4)
Not speciﬁed 15 (56)
B. Trivedi et al. / Osteoarthritis and Cartilage 18 (2010) 1027e10351032from 0.65 to 0.89)30,33 and the remaining study used the method of
Menz et al. (weighted kappa 0.45e0.95)25. Five studies assessed
inter-rater reliability of radiographic grading25,30e32,38. Four of
these studies used the K&L grading system: kappa ranged from 0.63
to 0.85 in three studies30e32 and one study reported inter-observer
correlation of 0.59e0.6138. The remaining study used themethod of
Menz et al. (weighted kappa 0.13e0.87)25. Two studies34,36 refer-
enced reliability assessments undertaken in earlier studies dis-
cussed above25,32. Two further studies which used the K&L system
did not formally assess reliability but undertook a process of
consensus if the grades differed by two or more grades46,49.Prevalence of radiographic OA
Given the considerable variation in study populations, radio-
graphic views taken, joints examined, grading systems applied and
deﬁnitions of radiographic OA employed across the included
studies, it was difﬁcult to derive a summary estimate of the prev-
alence of radiographic foot OA. However, we identiﬁed ﬁve studies
that reported the prevalence of radiographic ﬁrst MTPJ OA (K&L
grade 2 or above) in middle-aged and older adults34,35,44,47,49 and
a further two studies where age-stratiﬁed data were presented that
were restricted to middle-aged adults3,43. In these studies, the
prevalence of radiographic ﬁrst MTPJ OA ranged from 6.3% in rural
African females aged 40 years and over47 to 39% in females resident
in Wensleydale, UK aged 35e64 years43 (Table IV). Radiographic
ﬁrst MTPJ OA was more common in women than men in four
studies3,43,44,49 and more common in men than women in two
studies34,47. A further two studies gave prevalence estimates for
radiographic foot OA but did not specify which foot joints were
examined40,46. One of these studies did not describe how radio-
graphic OA was deﬁned46.
An attempt was made to provide a pooled estimate for the
prevalence of radiographic ﬁrst MTPJ OA in the seven studies that
examined middle-aged to older adults. Figure 2 shows the CIs
around the prevalence ﬁgures for each study. Where the CIs do not
overlap, it can be inferred that there is a difference betweenTable III
Number of studies examining speciﬁc foot joints
Foot joint examined Number of studies (%)
First MTPJ 20 (74)
Second to ﬁfth MTPJ 7 (26)
First CMJ 2 (7)
Second CMJ 2 (7)
N1st CJ 2 (7)
TNJ 2 (7)
PIPJ 3 (11)
DIPJ 1 (4)
TMTJ 2 (7)
Medial C1st MTJ 1 (4)
Subtalar joint 1 (4)
Tarsi joints 1 (4)
Not speciﬁed 7 (26)gender prevalence estimates within that study. The narrower
conﬁdence bands seen in the latter studies reﬂect larger sample
sizes. The estimated mean age was calculated where data were
provided and it can be seen that there were considerable differ-
ences across the studies (Table IV). Consequently it was concluded
that pooling of the prevalence ﬁgures would be of limited value
given this variation in estimated mean age as well as the
geographic locations and race that was present across the studies.
The I2 statistics52 of 79% and 97%, respectively, for males and
females indicates that signiﬁcant heterogeneity was present. This
is not surprising given the highly disparate point estimates and CIs
that do not overlap. As I2 increases, a single pooled estimate is
questionable and it is necessary to look for explanations of the
variability.
Discussion
The main objective of this review was to systematically search
and evaluate papers that have examined foot OA radiographically in
the Gen Popn. Radiographic foot OA appears to be an under-
researched area with only 27 population-based epidemiological
studies identiﬁed. There was considerable variation in study pop-
ulations, radiographic views taken, joints examined, grading
systems applied and deﬁnitions of radiographic OA employed
across the included studies. The greatest variation was seen with
regard to the radiographic views taken. Both AP and Lat views were
taken in 22% of studies and solely AP views in 18%, whilst only 22%
of studies speciﬁcally stated that WB radiographs were obtained.
The ﬁrst MTPJ was by far the most commonly examined foot joint.
The K&L grading system was used by 70% of studies, with 95% of
these deﬁning OA as at least grade 2 changes. However, a signiﬁcant
number of studies did not report which views were taken (56%),
which joints were examined (26%) or how radiographic OA was
deﬁned (22%). We identiﬁed seven comparable population-based
studies of middle-aged and older adults which estimated the
population prevalence of radiographic ﬁrst MTPJ OA, deﬁned as K&L
grade 2 or greater, to be 6.3e39%.
Our ﬁndings support the impression that foot OA is under-
researched in comparison to OA at other sites. This review identi-
ﬁed only 27 population-based epidemiological studies of radio-
graphic foot OAwhich contrasts greatly with 176 population-based
epidemiological studies of radiographic hand OA14 and 190 studies
that had applied the K&L grading system to knee OA15 identiﬁed by
systematic reviews undertaken in 2006. Our ﬁndings also highlight
the central place that the K&L grading system holds for deﬁning
radiographic OA. It is the most commonly used system to grade
radiographic osteoarthritic change at both the hand14 and knee53.
As we have shown at the foot, most studies that use the K&L system
at the hand and knee also deﬁne OA as grade 2 or greater14,53,54. The
advantage of the K&L system is that, as a generic grading system, it
can be used to compare OA at different joint sites. However, it has
been criticized for being overly reliant on the presence of OP55,56
and for assuming that the pathogenesis of OA involves a chrono-
logical sequence where OP formation precedes JSN which precedes
subchondral sclerosis57. Furthermore, interpretation of the grades
has been inconsistent with different studies applying subtly
different criteria15. The advent of site-speciﬁc grading systems
allows account to be taken of joint-speciﬁc considerations but
leaves unresolved the problem of how to combine these. Menz et al.
recently described a foot-speciﬁc radiographic atlas which grades
separately the presence of OP and JSN on AP and Lat WB views at
ﬁve joints commonly affected by OA50. Radiographic OA is consid-
ered to be present if either OP or JSN is present on either AP or Lat
views reﬂecting the authors’ observations that different foot joints
commonly exhibit OP and JSN as features of OA to differing degrees,
Table IV
Prevalence of radiographic OA (K&L 2) of the ﬁrst MTPJ in middle-aged and older adults
Authors Population Age range Calculated
mean age
Overall prevalence
% (95% CI)
Prevalence in males
% (95% CI)
Prevalence in females
% (95% CI)
Bremner (1968a)43 Jamaica 35e64 48 23 (20, 27) 17 (13, 22) 29 (24, 35)
Bremner (1968b)43 Wensleydale, UK 35e64 49 35 (31, 39) 30 (24, 37) 39 (33, 46)
Solomon (1976)44 South African 35 and over e 21 (17, 27) 15 (8, 24) 24 (18, 30)
Brighton (1985)47 South African 40 and over e 12 (7, 19) 19 (10, 31) 6 (2, 14)
van Sasse (1988)3 Zoetermeer, Netherlands 45e64 53 33 (31, 35) 28 (26, 31) 38 (35, 40)
van Saase (1989)49 Zoetermeer, Netherlands 40 and over 53 33 (32, 35) 28 (26, 30) 38 (35, 40)
Wilder (2005b)34 Clearwater, USA 40e94 62 20 (19, 21) 25 (22, 28) 18 (16, 19)
Wilder (2008)35 Clearwater, USA 40 and over e 20 (19, 21) e e
B. Trivedi et al. / Osteoarthritis and Cartilage 18 (2010) 1027e1035 1033and that in speciﬁc circumstances one view might be more
appropriate than another25. For example, Lat radiographs should be
used for assessing OPs at the talonavicular joint (TNJ) as these most
commonly develop on the dorsal aspect of this joint, which is
difﬁcult to visualize from an AP view, whereas JSN at the second
cuneometatarsal joint should be assessed from the AP view as this
joint is often obscured by the medial cuneiform on the Lat view25.
The authors acknowledge that addition of further views, for
example, oblique views, would allow other joints to be visualized
and, as such, the atlas may require further reﬁnement. We identi-
ﬁed three studies that have already used this foot-speciﬁc atlas to
grade radiographic foot OA and anticipate this number increasing
in the future.
The prevalence of foot OA established by the studies included in
this review varied widely from 0.8 to 93%. The prevalence of foot
OA, not surprisingly, increased with increasing age. The lowest
prevalence estimates were seen in those studies that included
young adults40,47,48 whereas the highest prevalence of 93% was
reported in a study undertaken in retirement village residents36.
Within study populations, the prevalence of OA increased with
increasing age30,49. However, the wide range of prevalence esti-
mates obtained is likely to be inﬂuenced by other factors in addition
to age. The studies examined OA at several joints within the foot. It
is noteworthy that in those studies which examined more than one
foot joint, the prevalence of OA at the ﬁrst MTPJ was found to be
considerably higher than at the second to ﬁfth MTPJ3,43,48,49, tar-
sometatarsal joints3,49, and proximal interphalangeal joints (PIPJ)
and distal interphalangeal joints (DIPJ)48,49. Variation in thestudy
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Fig. 2. Prevalence estimates for radiographic OA of the ﬁrst MTPJ in females and males
with associated 95% CIs.radiographic views taken, grading systems used and deﬁnitions of
OA employed may also have contributed to the varied prevalence
estimates. A similar amount of variation is seen in the prevalence
estimates for OA in middle and older adults in the different joint
groups of the hand, which have ranged from 17.0 to 62.9% in the
DIPJ, 5.6e40% in the PIPJ, 2.2e29.6% in the metacarpophalangeal
(MCP) joints and 1.3e23.5% in the ﬁrst carpometacarpal (First CMC)
joints16,47,49,58,59. Meta analysis was considered in order to deter-
mine a point prevalence estimate of radiographic ﬁrst MTPJ OA in
middle-aged to older adults. However, differences in the age of the
study populations even within this sub-sample of studies were
quite varied. Additionally the geographic locations and the race of
the populations were substantially diverse ranging from rural
Africa and Jamaica to the USA and Europe. Therefore, heterogeneity
between the studies was deemed to be too great to provide
a pooled estimate.
We did not identify a clear association between gender and
prevalence of radiographic foot OA. Four studies found radiographic
foot OA to be more prevalent in females than males3,43,44,49, two
studies did not ﬁnd a difference between the genders40,48 whereas
three studies reported radiographic foot OA to be more prevalent in
males than females34,46,47. There are differences in study design,
whichmight explain these observations. Firstly, several of the study
populations were derived from rural tribal communities which
might have limited generalizability43,44,46,47. Secondly, those
studies which reported higher prevalence in women than men
tended to focus onmiddle-aged and older adults3,43,44. It is possible
that the relative prevalence of OA between the genders differs at
different ages as has been suggested at other sites, for example, the
hand59.
Limitations of our study are worthy of further acknowledgment.
The initial search strategy identiﬁed a number of studies that
evaluated ankle OA. Many of these could be excluded as they had
recruited patients from hospital rather than population settings.
All publications that evaluated ankle OA without reference to the
rest of the foot were later excluded as ankle OA is usually
considered to occur secondary to trauma with primary OA occur-
ring as an uncommon phenomenon60. A second caveat is that we
identiﬁed several instances where a speciﬁc approach to deﬁning
OA was used in a number of publications arising from the same
populations. For example, ﬁve publications arose from the Clear-
water OA Study31e35. Hence, this may have inﬂated the represen-
tation of certain scoring methods. Thirdly, in this review, we
focused on radiographic features of OA, such as JSN and OPs, and
did not search speciﬁcally for radiographic studies of clinical
features which might be associated with or predispose to OA, for
example, hallux valgus. It is possible that such an approach may
have identiﬁed additional studies. Fourthly, it would be interesting
to explore the frequency of different radiographic features, such as
JSN or OP, at the various foot joints. Unfortunately, none of the
studies identiﬁed by our review provide data for these individual
radiographic features.
B. Trivedi et al. / Osteoarthritis and Cartilage 18 (2010) 1027e10351034In summary, this review has identiﬁed comparatively few
studies of radiographic foot OA. Existing studies have focused
largely on the ﬁrst MTPJ and have mostly used the K&L system to
grade and deﬁne radiographic OA on AP and/or Lat views of the
foot. Future population-based studies are required to quantify the
prevalence of radiographic OA at the different joint complexes
within the foot and for deﬁning subtypes of foot OA.
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